Ionic liquids (ILs) are salts with quite low melting points (<100 C) and, in other words, are liquid salts at ambient temperatures. Since ILs are liquids with relatively high polarity, hydrophobic ILs including 1-alkyl-3-methylimidazolium hexafluorophosphates (CnmimPF6) and bis(trifluoromethanesulfonyl)imides (CnmimTf2N) have often been used as unique extraction phases in solvent extraction. [1] [2] [3] Moreover, aqueous mixtures of several hydrophilic ILs, such as 1-alkyl-3-methylimidazolium chlorides (CnmimCl), can form immiscible separate phases under coexisting a large amount of suitable salts, 4 and the aqueous biphasic systems based on salting-out have been applied to solvent extraction separation. 5 Needless to say, ILs are also salts. Although the hydrophilic ILs, CnmimCl, are obviously more hydrophobic than alkali and alkaline earth metal chlorides, they are miscible to water at arbitrary ratios. This fact suggests that CnmimCl can also be used as phase-separation agents for a water-hydrophilic organic solvent homogeneous system based on salting-out in analytical chemistry, as well as inorganic chlorides [6] [7] [8] and tetramethylammonium chloride. 9 In this case, furthermore, the CnmimCl could act not only as the salting-out agents but also components of mixed-solvents. In fact, however, there is only one report on phase separation using atypical hydrophilic ILs, 1-(2-hydroxyethyl)-3-methylimidazolium chloride and tetrafluoroborate for water-tetrahydrofuran (THF), 10 and no report exists on its application for analytical separation chemistry. In this communication, we report on a fundamental study concerning the salting-out phase separation ability of a typical IL, 1-butyl-3-methylimidazolium chloride (C4mimCl) to a water-THF mixture, which was compared to that of an inorganic salt, NaCl. Furthermore, its possible use for aqueous biphasic extraction separation was evaluated by using Thymol Blue (red neutral form) as a probe.
Experimental
Chemicals were reagent-grade, and were used without further purification. Ionic liquid C4mimCl was synthesized according to a reported procedure. 11 Distilled and deionized water was used throughout.
The salting-out phase separation behavior was studied at 25 C as follows. Into a stoppered graduated cylinder, 2.0 cm 3 (2.0 g, 0.11 mol) of H2O, 3.4 cm 3 (3.0 g, 0.042 mol) of THF and weighed salting-out agent (C4mimCl or NaCl) were added. After mixing them using a Vortex mixer, the cylinder was left standing for several minutes until completion of the phase separation. The polarity for each phase was evaluated using ET N value, calculated from λmax for Reichardt's Dye (2,6-diphenyl-4-[(2,4,6-triphenylpyridinium)-1-yl]phenolate). 12, 13 The distribution behavior of Thymol Blue was investigated at 25 C as follows. Into a centrifuge tube, 2.0 cm 3 of 2.0 mol dm -3 HNO3, 3.4 cm 3 of THF containing 0.40 mg cm -3 (8.6 × 10 -4 mol dm -3 ) Thymol Blue, and 8.5 × 10 -3 mol in total of the salting-out agents (C4mimCl and NaCl) were added. The tube was shaken for 10 min. After the two phases were completely separated by centrifugation, the concentration of Thymol Blue in each phase was determined spectrophotometrically after suitable dilution. The use of a hydrophilic ionic liquid (IL), 1-butyl-3-methylimidazolium chloride (C4mimCl), as a salting-out phase separation agent to a water-tetrahydrofuran homogeneous system was studied for possible applications to novel aqueous biphasic extraction separation. The IL showed a salting-out phase-separation ability. Also, differences in the polarity between the formed two phases were smaller than that when using NaCl as a salting-out agent. This result suggested that C4mimCl remaining in water-rich phase acts not only as a salting-out agent, but also a component of a mixed-solvent. Possible uses of C4mimCl/NaCl mixed salting-out agent system were also discussed. 
Rapid Communications
Results and Discussion Figure 1 shows a comparison between performance of C4mimCl as a salting-out agent and that of NaCl. The IL salt was able to be used as a salting-out phase separation agent. The minimum amount of C4mimCl for the phase separation was ca. 3 × 10 -3 mol, significantly larger than that of NaCl (ca. 8 × 10 -4 mol), which is reasonable, considering the hydration capacity of the C4mim + organic cation. The volume of the upper (THF-rich) phase in the C4mimCl system was smaller than that in the NaCl system, suggesting that a quite large amount of THF remains in the lower (water-rich) phase. Interestingly, an increase in the lower phase volume with increasing amount of C4mimCl was roughly in accordance with that in the total volume. From this phenomenon, it is expected that C4mimCl remaining in the lower phase acts not only as salting-out agent but also as a component of a mixed solvent. To confirm this, the polarity for each phase was evaluated with using the ET N value. Figure 2 shows the obtained ET N values for both phases. It was reported that ET N for water is defined as unity, and that for THF is 0.207. 13 In addition, the ET N values for general C4mim + -type ILs range over 0.64 -0.68.
14 (Dried pure C4mimCl is solid at 25 C.) Although Reichardt's Dye showed a quite low solubility in the lower phase in the NaCl salting-out system, ET N for the phase was estimated to be >0.8 from our preliminary investigation using water-THF mixtures. As in the figure, the lower phase in the C4mimCl system showed a much lower polarity (ET N = 0.63 -0.66) than in the NaCl system, whereas the upper phase showed a similar polarity. From this result, it was found that the lower phase polarity in the C4mimCl system is controlled to be relatively low, mainly by THF and C4mimCl remaining in the phase.
In the water-THF-C4mimCl salting-out phase separation system, the difference in polarity between the upper and lower phases was relatively small. This nature seems to be generally disadvantageous for extraction. However, it is expected that the C4mimCl/NaCl mixed salting-out agent system is useful from the viewpoint of controlling the polarity difference without changing the total salt amount, which seems to be effective for the mutual separation of similar materials. As a fundamental study, thus, distribution behavior of Thymol Blue in the mixed agent system was investigated under the HNO3-acidic condition. Figure 3 shows its distribution ratio (upper phase/lower phase) and extractability into the upper phase as a function of the mole fraction of C4mimCl under fixed total amounts of the agents. The distribution was controlled by changing the C4mimCl:NaCl ratio under a fixed salt amount. In addition, the Cl -amount is fixed in this system, and it is expected that the water-THFC4mimCl/NaCl mixed salting-out phase separation system can be used for the mutual separation of several metal cations as chloro-complexes. Thymol Blue. Total amounts of the salting-out agents; 8.5 × 10 -3 mol. 
